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CONSTRAINED CIS-DIOL-BORATE 
BIOCONJUGATION SYSTEM 

RELATED APPLICATIONS 

This application claims the bene?t of US. Application No. 
60/570,313, ?led on May 12, 2004 and US. Application No. 
60/578,946, ?led Jun. 10, 2004. The entire teachings of the 
above applications are incorporated herein by reference. 

INTRODUCTION 

Various methods of bioconjugation are knoWn in the art for 
joining bioactive molecules to other bioactive molecules, 
assay tags, sensors, solid supports in an assay system, chro 
matographic columns, and the like. TWo complementary ele 
ments can be reacted to form a conjugate, e.g., an antibody/ 
antigen, a protein/ligand pair (e.g., streptavidin/biotin), a 
polynucleotide and its complementary sequence, and the like. 
Certain attributes are typically desirable for such systems, 
e.g., conjugation or binding speci?city, conjugation reaction 
rate, conjugation binding strength, convenience of the conju 
gation reaction, chemical compatibility, and the like. Existing 
bioconjugation systems, hoWever, typically make trade-offs 
among these attributes, e.g., one or tWo attributes being strong 
and the others being Weak. These tradeoffs can limit the 
applicability of existing bioconjugation systems in various 
applications of interest. For example, streptavidin/biotin is a 
selective bioconjugation system but has disadvantages 
including the siZe of the streptavidin element (preventing 
formation of high-density arrays of bioconjugation sites on a 
solid support or interfering With the detection of smaller 
bioactive molecules), the sensitivity of the streptavidin ele 
ment to conditions that can cause denaturation (e.g., pH 
extremes or conditions used to couple the streptavidin to a 
solid support or bioactive molecule), and an overall ionic 
charge of avidin and/or biotin can increase adverse nonspe 
ci?c binding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application ?le contains at least one draWing 
executed in color. Copies of this patent or patent application 
publication With color draWing(s) Will be provided by the 
O?ice upon request and payment of the necessary fee. 

The foregoing and other features and advantages Will be 
apparent from the folloWing description of various embodi 
ments, as illustrated in the accompanying draWings in Which 
like reference characters refer to the same parts throughout 
the different vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the teachings. The skilled artisan Will understand that the 
draWings, described beloW, are for illustration purposes only. 
The draWings are not intended to limit the scope of the present 
teachings in any Way. 

FIG. 1 is a schematic of covalent conjugation of surface 
bound pinane diol (bound to poly-D-Lys Plates) With m-dan 
sylaminophenylboronic acid (DAPB). 

FIG. 2 shoWs the ?uorescence signal and signal-to-noise 
ratios in control Wells (originally containing the DAPB acid 
solution) and Wells containing pinane diol (bound to poly-D 
Lys Plates) conjugated to DAPB. 

FIG. 3 shoWs binding curves for 20 uM DAPB binding to 
immobiliZed constrained diol 14 at concentrations of 25 uM. 

FIG. 4 shoWs the presence or absence of tris (2-carboxyl 
ethyl) phosphine (TCEP) did not appear to have a signi?cant 
effect upon end-point binding. At concentrations of l and 5 
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2 
uM, no binding above background levels Was observed. 
Beginning at concentrations of 100 uM DAPB, a detrimental 
effect upon binding at the higher spotted densities of con 
strained diol 14 Was observed. 

FIGS. 5A and 5B shoW negative controls (bovine serum 
albumin, (BSA) and phosphate buffer saline (PBS) With 1 
mM TCEP that shoW no DAPB binding. 

FIGS. 6A-C shoW a?inity traces observed for 100 uM 
pinanediol acetate binding to immobiliZed 4-mercaptophe 
nylboronic acid under various buffer conditions. In FIG. 6A, 
the buffer used Was 50 mM sodium acetate, 100 mM sodium 
chloride, pH 5.5. In FIG. 6B, the buffer used Was phosphate 
buffered saline With 0.05% Tween-20, pH 7.4. In FIG. 6C, the 
buffer used Was sodium carbonate-bicarbonate buffer pH 9.4. 

DESCRIPTION OF VARIOUS EMBODIMENTS 

The present teachings relate to the use of boronate esters 
formed by covalent bond formation and/or complexation 
betWeen a boronic acid and a particular type of constrained 
cis-diol. The formation of stable boronate esters from boronic 
acid: cis-diol pairs can be used to create a surface for capturing 
biomolecules and/or subsequently detecting biomolecular 
interactions. To accomplish the preferential capture of bio 
molecules on a surface, e.g., a microchip or biochip surface, 
the surface can be derivatiZed With a constrained cis-diol and 
the biomolecule of interest can be derivatiZed With a boronic 
acid. The converse can also be employed for biomolecular 
capture, Where the surface is derivatiZed With boronic acid 
and the biomolecule is derivatiZed With a constrained cis-diol. 
The boronate ester complex can also be used preferentially as 
a bioconjugation method to unite tWo functional groups, such 
as biological or small molecule moieties, either intermolecu 
larly or intramolecularly for detection of function analyses. 
To accomplish the preferential uni?cation of tWo functional 
groups, the ?rst moiety can be derivatiZed With a boronic acid, 
and the second moiety can be derivatiZed With a particular 
constrained cis-diol. The present invention does not restrict 
the boronic acid moiety to phenyl boronic acid or related 
analogues. Any alkyl or aromatic boronic acid With a linker 
arm for attachment to a surface or a biomolecule can be 

employed. Also contemplated are constrained cis-diols With a 
linker arm for surface attachment or biomolecule modi?ca 
tion. 
The present teachings contemplate the ability to conjugate 

a biomolecule With high speci?city (e.g., With speci?city and 
a?inity that can be as high as that betWeen biotin and strepta 
vidin) to either a solid support or to anotherbiomolecule. Also 
contemplated are various embodiments Where surface modi 
?cation With covalently linked cis-diols can produce a neutral 
environment because both the borate and the constrained 
cis-diol can be small, non-reactive organic molecules, and 
can also be amenable to incorporation into peptide, nucleic 
acid and peptide nucleic acid synthetic syntheses. Such a 
surface, lacking either positive or negative charge, can have 
distinct chemical properties for example, it can have loW 
non-speci?c biomolecule binding to the large majority of 
unlabeled proteins and other biomolecules, Which can 
thereby reduce assay noise. Any boronic acid-labeled biomol 
ecule can bind to such a surface With high speci?city, even in 
the presence of unlabeled carrier proteins. Compared to com 
monly used streptavidin or avidin surfaces, such cis-diol sur 
faces can have a much higher binding capacity and density 
due to the small siZe of the capture molecule. 

Also contemplated are various embodiments Where a 
borate surface is formed, Where, for example, depending 
upon the pKa of the immobiliZed boronic acid, such a surface 
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can exist in either a neutral or negatively charged state. Such 
borate-modi?ed surfaces can exhibit an af?nity for cis-diol 
labeled biomolecules, as Well as certain carbohydrates (based 
on polyol geometries). 

The present teaching also contemplates various embodi 
ments Wherein any application involving biotin/streptavidin 
bioconjugation can be replaced by bioconjugation With cis 
diols/boronic acids, Which can 1) reduce noise due to non 
speci?c binding of biomolecules, 2) increase load capacity on 
a surface, and/or 3) create a neutral or negatively charged 
surface as needed in assay design. 

In some embodiments, the present invention provides for 
conjugation of a biomolecule With high speci?city to either a 
solid support or to another biomolecule. The conjugation can 
involve very strong interaction (equivalent in terms of speci 
?city and binding a?inity to that of streptavidin:biotin), yet 
because both the boronic acid and the constrained cis-diol can 
be small (e.g., in various embodiments less than about 5000 
daltons, less than about 2500 daltons, or less than about 1000 
daltons), relatively stable organic molecules, they are highly 
amenable to incorporation into bioactive molecules (e.g., 
peptide and nucleic acid synthetic syntheses). Also, solid 
support modi?cation With cis-diols or boronates can produce 
a charge-neutral surface, Which can lead to loWer non-speci?c 
binding of other molecules on the solid support. 

In some embodiments, the present invention provides for 
conjugation of a biomolecule With speci?city to either a solid 
support or to another biomolecule. In these embodiments, n 
or n' is greater than 1 and the boronic acid and/or the con 
strained cis-diol can independently be, for example, in vari 
ous embodiments less than about 30,000 daltons, less than 
about 20,000 daltons, or less than about 10,000 daltons. 

Further, because the cis-diol:boronate can be small mol 
ecules (e. g., compared to streptavidin) this system can have a 
much higher binding capacity, due to signi?cantly increased 
capture agent density in conjugates per cm2. In other Words, 
many more small molecules, such as cis-diols or boronic 
acids, can ?t per cm2 compared to biomolecules such as 
streptavidin or biotin. Increased binding density enables 
greater detection sensitivities, especially in increasingly 
smaller assay loci, such as array formats. Such a system can 
therefore lead to higher assay signals and can also be expected 
to be stable and exhibit a long shelf life. 
By forming a boronic acid surface, certain other advan 

tages can be realiZed. For example, depending upon the pKa 
of the immobiliZed boronic acid, such a surface can exist in 
either a neutral or negatively charged state under physiologi 
cal conditions, and changes in pH can adapt the response of 
the surface to cis-diol binding, binding of other polyols, and 
nonspeci?c binding of other molecules. 

Also, the constrained cis-diol:boronate system can have 
signi?cantly stronger binding a?inities than salicylhydrox 
amic acid: phenylboronic acid systems (see, for example, 
U.S. Pat. Nos. 6,630,577, 6,462,179, 6,124,471, 6,075,126, 
6,031,117, 6,013,783, 5,877,297, 5,876,938, 5,872,224, 
5,869,623, 5,859,210, 5,847,192, 5,837,878, 5,831,046, 
5,777,148, and 5,744,627). The constrained cis-diol:boronate 
system, Where binding af?nities are believed to be driven by 
steric factors can produce signi?cantly stronger binding 
events With minimal analyte dissociation. The stronger bind 
ing a?inities of the constrained cis-diol/boronic acid biocon 
jugation are amenable to surface and chip assay design Where 
clean, robust analyte capture is desired. 

These and other features of the present teachings Will 
become more apparent from the description herein. In various 
embodiments, the particulars of the system, the method, and 
the compound are further provided beloW. Each detail pro 
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4 
vided is contemplated in some embodiments of each of the 
system, the method, and the compound, separately and in 
combination. 
A bioconjugation system can comprise a sterically con 

strained cis-diol and a borate represented respectively by: 

The variables n and n' are to indicate that a corresponding 
number of the groups in parentheses are attached to the cor 
respondingY or Y' in parallel, i.e., the groups in parentheses 
are not representing an n or n'-fold serial oligomer or polymer. 

Ring A can be an optionally substituted bicycloalkyl, het 
erocyclyl or fused bicycloalkyl-heterocyclyl, or Ring A can 
be an optionally substituted cycloalkyl. 

R1 and R1‘ can be independently an optionally substituted 
alkyl, alkoxy, alkyl ether, alkyl sul?de, cycloalkyl, heterocy 
clyl, aryl, heteroaryl, cycloalkylalkyl, heterocyclylalkyl, 
aralkyl, heteroaralkyl, cycloalkylalkyl ether, heterocyclyla 
lkyl ether, aralkyl ether, heteroaralkyl ether, cycloalkylalkyl 
sul?de, heterocyclylalkyl sul?de, aralkyl sul?de or het 
eroaralkyl sul?de linking group. 

R2“, R2“', R21’ and R21" can each be independently 40H 
(unprotected) or 4O-PG (protected), Wherein -PG is an alco 
hol protecting group selected from optionally substituted 
esters, ethers, silyl ethers and carbonates. Also, R2“ and R2‘" 
can be taken together With the portion of Ring A connecting 
them to be a protected cis-diol group selected from optionally 
substituted cyclic acetals, cyclic ketals, and cyclic ortho 
esters. e.g., a cis-diol can be protected With an acetonide 
group. R21’ and R21’, taken together With the boron to Which 
they are bonded, can be a protected borate group selected 
from boronates and cyclic boronates. The pairs R2“, R21’, and 
R2“ ', R21’ ', can be both 40*, Whereby the cis-diol and borate 
to Which they are bonded form a conjugate represented by: 

0 

Thus, as used herein, the term “borate” encompasses 
bobrates that are unprotected (e.g., When the corresponding 
R or R21’ ' is 40H) protected (e.g., When R21’ and R21’ ', taken 
together With the boron to Which they are bonded, can be a 
protected borate group selected from boronates and cyclic 
boronates), and conjugated (e.g., as in the above structural 
formula). 

Also, as used herein, the term “cis-diol” encompasses cis 
diols that are unprotected (e. g., When the corresponding R2“ 
or R2“ ' is 40H) protected (e. g., When the corresponding R2“ 
or R2“ ' is iO-PG, or When R2“ and R2‘" can be taken together 
With the portion of Ring A connecting them to be a protected 
cis-diol group), and conjugated (e.g., as in the above struc 
tural formula). 
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Further, the de?nitions herein are provided such that the 
“constrained cis-diol” is not a saccharide. As used herein, the 
term “saccharide” means monosaccharides such as fructose, 

mannitol, galactose, glucose, mannose, allose, altrose, talose, 
tagatose, Psicose, ribose, arabinose, sorbitol, and oligomers 
and polymers of any one or any combination of the preceding 
monosacharrides. 

iCR3 2Phi, iPhCR3 2i, iC(NR3 )NR3i, or iNR3 C 
(NR3)i. 
Each R3 can be independently iH, alkyl, alkoxy, aryloxy 

or arylalkoxy. 
Y and Y' can be independently a bioactive molecule, a 

covalently attached solid support, or a self assembled mono 
layer (SAM)-inducing solid support Wherein at least one ofY 
andY' is the bioactive molecule. For example, WhenY orY' is 
a solid support or a self assembled monolayer (SAM)-induc 
ing solid support, the corresponding n or n' can be an integer 
from 10 to 1010. For example, When Y is one of the solid 
supports, n is an integer from about 10 to about 1010; WhenY' 
is one of the solid supports, n' can be an integer from about 10 
to about 1010. WhenY orY' is a biomolecule, the correspond 
ing n or n' can be an integer from 1 to about 10. 

A method of preparing a conjugate represented by: 

comprises reacting a sterically constrained cis-diol and a 
borate represented respectively by: 

under conditions suitable for reaction betWeen the con 
strained cis-diol and the borate, thereby forming the conju 
gate. Suitable reaction conditions can be found in the 
Examples. Conjugates betWeen sterically constrained cis 
diol and a borate have been ob served experimentally at pH 5 .5 
(50 mM sodium acetate, 100 mM sodium chloride buffer), 
FIG. 6A, and at pH 7.4 (phosphate buffered saline With 0.05% 
Tween-20), FIG. 3 and FIG. 6B, and at pH 9.4 (200 mM 
carbonate-bicarbonate buffer), FIG. 6C. In the method, Ring 
A, R1, R1‘, R2“, R2“; R21’, R2”, R3, x, n, and n' are as 
provided above for the bioconjugation system. 
A sterically constrained cis-diol compound for bioconju 

gation can be represented by: 
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R22. 

Wherein Ring A, R1, R2“, R2“, R3, and X are as provided 
above for the bioconjugation system. 
Y can be a bioactive molecule and n can be an integer from 

1 to about 200, generally 1 to about 100, or typically 1 to about 
10. Y can be a solid support or a self assembled monolayer 
(SAM)-inducing solid support and n can be an integer from 
about 10 to about 1010. The variable n can be 1 and iYiX 
together can be iSi, Wherein tWo cis-diols form a disul?de 
dimer represented by: 

R22. 

Wherein each variable is independently as de?ned above. The 
variable n can be 1 and iYiX together canbe 40H, iSH, 
halogen, iORS, iC(O)OR5, 4O(O)CR5, iNR5R6, or 
iN-heterocyclyl, Wherein R5 and R6 are independently 
optionally substituted alkyl, cycloalkyl, heterocyclyl, aryl, 
heteroaryl, cycloalkylalkyl, heterocyclylalkyl, aralkyl, or het 
eroaralkyl. 

In various embodiments, for each bioactive molecule, the 
corresponding n or n' can be greater than 1, e. g., there can be 
a plurality of cis-diols or borates for each bioactive molecule. 

In various embodiments, for each bioactive molecule, the 
corresponding n or n' can be 1, e.g., there can be one cis-diol 
or one borate for each bioactive molecule. 

When for each bioactive molecule, the corresponding n or 
n' is l, the conjugate can be a stable conjugate, for example, 
the conjugate represented by: 

As used herein, a conjugate that is stable is one Wherein in 
aqueous 0.10 M phosphate buffer at 25° C. and pH 7.4, the 
conjugate can have a dissociation rate of less than about 
l><l0 s_l. In various embodiments, the stable conjugate can 
have a dissociation rate of less than about l><l0_5 s_l. In some 
embodiments, the stable conjugate can have a dissociation 
rate of less than about l><l0_6 s_l. In other embodiments, the 
stable conjugate can have a dissociation rate of less than about 
l><l0_7 s_l. In some embodiments, the conjugate can have an 
association rate of greater than about 1 M_ls_l. 

In various embodiments, at least one ofY andY' is the solid 
support or the self assembled monolayer (SAM)-inducing 
solid support. For example, Y can be the bioactive molecule 
and Y' can be the solid support or the self assembled mono 
layer (SAM)-inducing solid support. Y' can be the bioactive 
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molecule andY can be the solid support or the self assembled 
monolayer (SAM)-inducing solid support. 

In various embodiments,Y is the solid support andY' is the 
bioactive molecule. In some embodiments, Y' is the solid 
support andY is the bioactive molecule. 

As used herein, “support”, “solid support”, or “SAM-in 
ducing solid support” refers to any solid phase material. Solid 
support encompasses terms such as “resin”, “synthesis sup 
port”, “solid phase”, “surface” and/or “membrane”. A solid 
support can be composed of optionally substituted organic 
polymers, e.g., polyalkylene (e.g., polyethylene, polypropy 
lene), polyvinylene, polystyrene, polyethylene oxide, nitro 
cellulose, polyvinyl acetate, polyvinyl chloride, polyvinyl 
dichloride, poly?uoroalkylene (e.g., poly?uoroethylene), 
polyamides (e.g., polyacrylamide, poly(hexamethylene adi 
pamide) and the like), polydialkylsiloxane (e.g., polydimeth 
ylsiloxane), and the like, as Well as co-polymers and grafts 
thereof. A solid support can also be inorganic, such as glass 
(e. g., silicate glass, borate glass, indium tin oxide, controlled 
pore-glass (CPG), and the like), silica, quartz, or reverse 
phase silica and the like. The con?guration of a solid support 
can be in the form of: one or more beads, spheres (e.g., 
microspheres), or particles (e.g., granules, nanoparticles); a 
gel, a membrane, a surface, a ?lm, a porous matrix (e.g., 
nonWoven support or supports With channels or pores, e.g., 
porous glasses, sol gels, zeolites, and the like), or interior 
surface of a microchannel. Surfaces can be planar, substan 
tially planar, or non-planar. Solid supports can be porous or 
non-porous, and can have sWelling or non-sWelling charac 
teristics. A solid support can be con?gured in the form of a 
Well, depression or other container, vessel, feature or loca 
tion. A plurality of solid supports can be con?gured in an 
array at various locations, addressable for robotic delivery of 
reagents, or by detection methods and/ or instruments. 

In some embodiments, one of Y and Y' is the solid support 
or the SAM-inducing solid support and the solid support can 
have a conductive layer (e.g., metal, conducting glass (e.g., 
indium tin oxide), and the like, typically metal) for surface 
plasmon resonance. The solid support or the SAM-inducing 
solid support can comprise gold, silver, platinum, aluminum, 
or copper. In some embodiments, the solid support is a nano 
particle comprising cadmium sul?de, cadmium selenide, 
cadmium telluride, silicon, or gallium arsenide. In some 
embodiments, the solid support comprises optionally substi 
tuted polyalkylene (e.g., polyethylene, polypropylene), poly 
vinylene, polystyrene, polyethylene oxide, nitrocellulose, 
polyvinyl acetate, polyvinyl chloride, polyvinyl dichloride, 
poly?uoroalkylene (e.g., poly?uoroethylene), polyamide 
(e.g., polyacrylamide, poly(hexamethylene adipamide) and 
the like), polydialkylsiloxane (e.g., polydimethylsiloxane), 
and the like, as Well as co-polymers and grafts thereof; glass 
(e. g., silicate glass, borate glass, indium tin oxide, controlled 
pore-glass (CPG), and the like), silica, or quartz. 

In various embodiments, When one of Y and Y' is the solid 
support or the SAM-inducing solid support and the solid 
support includes a conductive layer for surface plasmon reso 
nance, the method further comprises directing light to the 
conductive layer and measuring a surface plasmon resonance 
Wavelength in order to determine an extent of conjugation by 
measuring a change in the surface plasmon resonance Wave 
length before and after formation of the conjugate. The light 
is directed to the conductive layer in a Wavelength range 
betWeen about 400 nanometers (nm) and about 1200 nm at the 
conductive layer, at an incident angle greater than a total 
internal re?ectance angle at the solid support, to create a 
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8 
surface plasmon resonance condition at the solid support 
surface. Typically, the light is in a Wavelength range betWeen 
about 820 nm and 920 nm. 
As used herein “array” refers to a predetermined spatial 

arrangement of reaction sites, e.g., bioconjugation sites 
present on a solid support or in an arrangement of vessels. 
Certain array formats can be referred to as a “chip” or “bio 
chip” (M. Schena, Ed. Microarray Biochip Technology, Bio 
Technique Books, Eaton Publishing, Natick, Mass. (2000). 
An array can comprise a loW-density number of addressable 
locations, e.g., 2 to about 12, medium-density, e.g., about a 
hundred or more locations, or a high-density number, e. g., a 
thousand or more. An array or chip can be a geometrically 
regular shape that alloWs for fabrication, handling, place 
ment, stacking, reagent introduction, detection, and storage. 
An array or chip can be irregularly shaped. An array or chip 
can be con?gured in a roW and column format, With regular 
spacing betWeen each location. An array or chip can be con 
?gured in a roW and column format, With irregular spacing. 
Alternatively, the locations may be bundled, mixed, or homo 
geneously blended for equalized treatment or sampling. An 
array may comprise a plurality of addressable locations con 
?gured so that each location is spatially addressable for high 
throughput handling, robotic delivery, masking, or sampling 
of reagents, or by detection means including scanning by 
laser illumination and confocal or de?ective light gathering. 

In various embodiments, an array can be constructed by 
preparing the conjugate at a plurality of spatially distinct 
reaction sites on the solid support. The sites can be located in 
a regular array (e.g., at the vertices of a square grid) or an 
irregular, e.g., random array. Typically, the reaction sites are 
located in a regular array, such as may be provided by a 
printing mechanism, an automated pin-spotting mechanism, 
and the like. Generally, each spatially distinct reaction site in 
the array can be an average diameter of betWeen about 5 pm 
and about 1000 pm. In typical arrays, the spatially distinct 
reaction sites in the array can be in a surface density of 
betWeen about 12 sites per cm2 and about 50,000 sites per 
cm2. 
Some embodiments comprise preparing the conjugate at 

tWo or more reaction sites in the array to be compositionally 
distinct, e. g., the conjugate at each of the tWo or more sites is 
different in one or more aspects such as concentration, chemi 
cal structure, associated bioactive molecule, and the like. TWo 
compositionally distinct sites can also mean the same or 
different sites measured at different times. The method can 
comprise contacting a ?rst site With the cis-diol or the borate 
having the bioactive molecule, in an composition distinct 
from that employed at a second site. The method can com 
prise contacting a ?rst site With a ?rst cis-diol or borate 
containing a ?rst bioactive molecule and contacting a second 
site With a second cis-diol or borate containing a second 
bioactive molecule. Some embodiments can comprise deter 
mining the extent of conjugation at the ?rst and the second 
site, e.g., by determining an extent of conjugation by measur 
ing a change in the surface plasmon resonance Wavelength 
betWeen the tWo compositionally distinct sites. 

In some embodiments, When the solid support can be con 
?gured as a plurality of particles, beads, microspheres, nano 
particles, granules, and the like, the distinct reaction sites on 
the solid support can be one or more reaction sites, typically 
one, on each individual solid support. In some such embodi 
ments, a plurality of compositionally distinct reaction sites 
can be prepared by repeatedly conjugating one of a library of 
distinct bioactive molecules With a portion of reaction sites 
(e.g., particles) to create separate portions of compositionally 
distinct reaction sites, and then combining them to result in a 



US 7,399,645 B2 

plurality of compositionally distinct reaction sites, e.g., 
resulting in a library of bioactive molecules conjugated to 
distinct particles. 

The bioactive molecule can be any biologically relevant 
molecule of interest, for example, the bioactive molecule can 
comprise one or more nucleic acids, polynucleic acids, amino 
acids, peptides, proteins, peptide nucleic acids, hormones, 
cofactors, fatty acids, carbohydrates, polysaccharides, glyco 
peptides, glycoproteins; peptidoglycans; glycolipids, cycli 
tols, prenols, terpenoids, steroids, folates, carotenoids, retin 
oids, tocopherols, lignans, quinines, isoprenoids, 
tetrapyrroles, lipids, prostaglandins, immunoglobulins, gly 
colipids, lipoproteins, neurotransmitters, biometabolites, 
pharmaceuticals environmental toxins, small organic mol 
ecules (e.g., pharmaceuticals) and the like. Molecules in the 
preceding list can be obtained from commercial sources, gen 
erated by chemical synthesis by combinatorial synthesis 
methods knoWn to the art, extracted from natural sources, and 
the like. In some embodiments, the bioactive molecule 
includes a library of bioactive molecules, e.g., a plurality of 
biologically or chemically distinct bioactive molecules of one 
or more classes of molecules from the preceding list, typically 
one class. Typically, a library of bioactive molecules can be a 
plurality of molecules generated by chemical synthesis or 
combinatorial chemistry, each generally having a molecular 
Weight from about 100 daltons to about 5000 daltons. 

Screening of libraries of small molecules for binding or 
other interaction With target biomolecules of interest has typi 
cally been done in solution, With compounds attached to 
beads, and recently, With libraries attached to microarrays 
(see, for example, MacBeath, G. (2001) Genome Biology 
2(6): comment 2005.1-2005.6; Lam, K S., and Renil, M 
(2002). Curr. Op. Chem. Biol. 6:353-358; and Khandurina 1,. 
and Guttman, A. (2002) Curr. Op. Chem. Biol. 61359-366). In 
microarrays, the small molecules of the library can have a 
common functional group, Which can be reacted With a suit 
able functional group on the surface to form a stable bond. 
Functional groups described for immobiliZation of small 
molecule libraries include thiols (MacBeath, et al. (1999) 
JACS 121:7967-7968), alcohol (Hergenrother, et al. (2000) 
JACS 122:7849-7850), amino-oxy group (Falsey, et al. 
(2001) Bioconjug Chem 12:346-353) and phenols (Barnes 
Seeman, et al. (2003)AngeW Chem Int Ed 42:2376-2379. The 
entire teachings of each reference in this paragraph are incor 
porated herein by reference. 

In various embodiments, the bioconjugation system can 
include a library of bioactive compounds, i.e., a plurality of 
reaction sites on the solid support can be prepared to have 
chemically or biologically distinct bioactive molecules con 
jugated at each site. The library can be a collection of any 
bioactive molecules as described herein, but can typically be 
a collection of small molecules synthesized by combinatorial 
methods. In such libraries, each bioactive molecule can have 
any siZe, though typically each molecule is in a siZe range 
betWeen about 100 and about 5000 daltons. The plurality of 
spatially distinct reaction sites on the support can each be a 
distinct support (e.g., When the solid support is con?gured as 
a plurality of particles, beads, granules, and the like) or a 
spatially distinct reaction site on a single solid support, e.g., 
an array as described herein. Typically, the bioactive mol 
ecule library can be prepared as an array on a single solid 
support. 

Such bioconjugation libraries can be used for any purpose 
knoWn to the art for compound libraries. For example, a small 
compound library array can be tested for interaction, e.g., 
chemical reaction, speci?c binding, or nonspeci?c binding, 
and the like, of its bioactive molecules to a target of interest, 
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10 
such as a therapeutic target protein, peptide, or nucleic acid 
using any of many methods knoWn to the art such as surface 

plasmon resonance, ?uorescence, luminescence, staining, 
enzyme-linked immunoabsorbent assay, radioactivity based 
methods, and the like. Thus, in some embodiments, the bio 
conjugation system comprising a bioactive molecule library 
array as described herein is combined With a target bioactive 
molecule of interest and the combination is assayed for spe 
ci?c binding betWeen the target and each bioactive molecule 
in the library. 

In various embodiments, the library of bioactive molecules 
can be prepared by chemical synthesis or combinatorial syn 
thesis, for example, bioactive molecules prepared by such 
methods can, for example, be coupled to the cis-diols or 
borates herein by synthetic methods described in the 
Examples. In some embodiments, precursors or intermedi 
ates to library molecules can be prepared by chemical syn 
thesis or combinatorial synthesis and be coupled to the cis 
diols or borates herein by synthetic methods described in the 
Examples, and the cis-diolzborate bioconjugates formed; sub 
sequently, the coupled precursors or intermediates can be 
further modi?ed by chemical synthesis or combinatorial syn 
thesis methods knoWn to the art to further diversify molecules 
of the library. 

Thus, in various embodiments, the bioconjugation system 
further comprises a plurality of each of the sterically con 
strained cis-diols and the borates; Wherein at least one ofY or 
Y' is, independently for each corresponding cis-diol or borate, 
a distinct bioactive molecule selected from a plurality of 
distinct bioactive molecules (e.g., a bioactive molecule 
library), and each corresponding n or n' is an integer from 1 to 
3, Whereby the bioconjugation system comprises a library of 
distinct bioactive molecules. Thus, in some embodiments, at 
least one of Y or Y' represents the library of bioactive mol 
ecules. Typically, the other of Y or Y' is the solid support 
comprising a plurality of spatially distinct reaction sites, 
Wherein a plurality of the reaction sites can be prepared to be 
compositionally distinct by conjugation With distinct bioac 
tive molecules from the library. Generally, the solid support is 
in the form of covalently attached particles, a single 
covalently attached solid support, or the self-assembled 
monolayer (SAM) inducing support, or more typically, the 
solid support is a single covalently attached solid support, 
e.g., an array as described herein. Thus, in some embodi 
ments, the bioconjugation system is a bioactive molecule 
library array, Wherein Y represents, independently for each 
cis-diol, a distinct bioactive molecule from the bioactive mol 
ecule library (e.g., Y collectively represents the bioactive 
molecule library) and Y' represents, independently for each 
borate, a spatially distinct reaction site in an array (e.g., Y' 
collectively represents a spatially distinct array of cis-diols on 
a solid support). In other embodiments of the bioactive mol 
ecule library array, Y' represents, independently for each 
borate, a distinct bioactive molecule from the bioactive mol 
ecule library (e.g., Y' collectively represents the bioactive 
molecule library), andY represents, independently for each 
cis-diol, a spatially distinct reaction site in an array (e.g., Y 
collectively represents a spatially distinct array of cis-diols on 
a solid support). In the embodiments described in this para 
graph, the variables n and n' can independently be an integer 
of betWeen 1 to 3, or more typically, n and n' can each be 1. 
Typically, each bioactive molecule in the library is from about 
100 daltons to about 5000 daltons, and the library is typically 
constructed by chemical synthesis or combinatorial synthesis 
methods. 
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In some embodiments, the structures and variables of the 
cis-diol, borate, and conjugate are as provided above, With the 
following modi?cations. 

In some embodiments, R1’ can be an optionally substituted 
aryl, aralkyl, C1-C16 alkyl, or C1-C16 alkoxy group. In some 
embodiments, R1’ can be C2-C16 alkyl ether, C1-C16 alkoxy 
or C1-C16 alkyl. 

In various embodiments, the cis-diol can be represented 
by: 

R22. 

R25.’ , or 

In some embodiments, the cis-diol can be represented by: 

Here, R1 can be as described above, or can be C2-C16 alkyl 
ether, C1-C16 alkoxy or C1-C16 alkyl; and X can be 
iNHi, iC(O)NHi, iNHC(O)i or iSi. Or, X can 
be iSi and R1 can be i(CH2)2O (CH2)8i or 
i(CH2)1 1*. In some embodiments, iXiRli can be 
i(CH2)Si. In various embodiments, R2“ and R2“ ' can inde 
pendently be ‘OH or iO-PG, or R2“ and R2“, can be taken 
together With the portion of the ring connecting them to be a 
protected cis-diol group as noted above, e.g., a cis-diol pro 
tected as an acetonide group. In some embodiments, R2“ and 
R2“ can be iOH. 

These cis-diols can form a conjugate With borates as rep 
resented by: 
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12 
Here, R1 can be as de?ned above, or can be C6-C12 alkyl, or 

can be C1-C3 alkyl. In some embodiments, R1 can be 
i(CH2)i, e.g., the conjugate is represented by: 

In some embodiments, these cis-diols can form a conjugate 
With borates as represented by: 

Here, R1 can be as de?ned above, or can be C6-C12 alkyl, or 

can be C1-C3 alkyl. “Amide” can be iNHC(O)i or 4C(O) 
NHi. In some embodiments, R1 can be i(CH2)i, e. g., the 
conjugate is represented by: 

In some embodiments, the cis-diol can be represented by: 

lHere, R1 can be as de?ned above. In some embodiments, 
R can be C1-C4 alkoxy or C1-C4 alkyl and X can be 4C(O) 
Of or amide. In various embodiments, R2“ and RM’ can 
independently be ‘OH or 4O-PG, or R2“ and R2‘" can be 
taken together With the portion of the ring connecting them to 
be a protected cis-diol group as noted above, e.g., a cis-diol 
protected as an acetonide group. In some embodiments, R2“ 
and R2‘" can be iOH. 

In various embodiments, cis-diols can form a conjugate 
With the borate as represented by: 
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-continued 
O—(CH2)8SH> (CH2)9SH, 

O / 
O In some embodiments, the cis-diol, protected by an 

20 acetonide group, can be one of: 

“Amide” can be iNHC(O)i or iC(O)NHi. 

In some embodiments of the compound, iYiX together 25 
can be iSi, Wherein tWo cis-dio1s form a disul?de dimer 0 , 

represented by: >< 
O 

2 
30 

R22. R22. (CH2)9S 

35 A 
R25.’ RZa'. 5 

40 

In some embodiments, iYiX together can be iOH, 
iSH, halogen, ADRS , %(O)OR5 , A)(O)CR5 , iNR5R6 
or iN-heterocyclyl. In some embodiments, X can be iSi. 45 

In Various embodiments, the cis-diol, unprotected, can be 
one of: 

50 

55 

In some embodiments, the cis-dio1, unprotected or pro 
tected by an acetonide group, can be one of: 

60 

, 65 
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In some embodiments, the cis-diol, unprotected or pro 

tected by an acetonide group, can be one of: 

O o 

M OH 
CH3O N 

OH, 
0 

O o 

M O CH3O N >< 
o 

o 

O o 

k OH 
CH3CH2O N 

OH, 
0 

O o 

k 0 
CH3CH2O N 

Or 

0 

o 

O O 

cH3cH2okN OH. 

OH 

In some embodiments, the cis-diol, protected by an 
acetonide group, can be: 

0 

crncrnok N 

As used herein, a “constrained” cis-diol is a cyclic structure 
Wherein steric or cyclic constraints cause the diol ‘OH 

groups to be held in a relatively ?xed aspect to each other, 
Whereby the conjugation reaction With a borate produces a 
conjugate With the speci?city and/or af?nity taught in Various 
embodiments. For example, in the constrained cis-diol rep 
resented by Ring A in some embodiments, the diol ‘OH 
groups, (represented by R2“ and R2“) are held in Various 
aspects relative to each other by Virtue of being bound to an 
optionally substituted bicycloalkyl, heterocyclyl or fused 
bicycloalkyl-heterocyclyl. 
As used herein, iPG is an alcohol protecting group for 

example, optionally substituted esters, ethers, silyl ethers and 
carbonates. Suitable alcohol protecting groups are Well 
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known in the art; see, for example, Greene T W and Wuts P G 
M, Protective Groups in Organic Synthesis, 3Rd ed., Wiley, 
NY (1999), the entire teachings of Which are incorporated 
herein by reference. 
As used herein, cyclic acetals, cyclic ketals, and cyclic 

ortho esters can be formed With the cis-diol as diol protecting 
groups, e.g., the acetonides in structures 4-8 in the synthetic 
examples. Suitable diol protecting groups are Well knoWn in 
the art; see, for example, Greene T W and Wuts P G M, 
Protective Groups in Organic Synthesis, 3Rd ed., Wiley, NY 
(1999), the teachings of Which, that pertain to hydroxyl group 
protection, are incorporated herein by reference. 
As used herein, the term “borate” can mean any typical 

state of a borate derivative, e.g., the boric acid iB(OH)2, 
salts, hydrates, and/or solvates thereof, and/or boronate 
esters, e.g., alkyl esters, aromatic esters, e.g., catechol esters, 
and the like. Typical boric acidprotecting groups, e.g., borate/ 
boronate esters, are Well-knoWn in the art; see, for example, 
Perrier R J, Adv. Carbohydn Chem. Biochem. 1978, 35:31; 
Brooks C J W et al., Adv. Mass Spectrom. 1978, 7B:1578; 
Knapp D R, Handbook of Analytical Derivatisation Reac 
tions, Wiley, NY (1979); Greene T W and Wuts P G M, 
Protective Groups in Organic Synthesis, 3Rd ed., Wiley, NY 
(1999), the teachings of Which, that pertain to hydroxyl group 
protection, are incorporated herein by reference. 

The teachings herein do not restrict the borate to phenyl 
boronic acid or related analogues. Any alkyl or aromatic 
borate With a linker arm for attachment to a surface or a 

biomolecule can be employed. For example, commercially 
available boronic acids for use in this manner include, e.g.: 

COOH 

Aldrich #51,268-0 (Sigma Aldrich, St. Louis, Mo.) and 

COOH 

Lancaster Synthesis #17485 (Lancaster Synthesis, Windham, 
NH.) 
As used herein, the term “linking group”, (e. g., the linking 

groups represented by R1, R1’, X, X', and the like) means any 
chemical group that connects tWo or more other chemical 

groups. 
The term “alkyl” (e. g., the alkyl groups represented by R1, 

R1’, R3, and the like), used alone or as part ofa larger moiety 
(e.g., aralkyl, alkoxy, alkylamino, alkylaminocarbonyl, 
haloalkyl), is a straight or branched non-aromatic hydrocar 
bon Which is completely saturated. Typically, a straight or 
branched alkyl group has from 1 to about 20 carbon atoms, 
generally from 1 to about 16 if not otherWise speci?ed, 
Examples of suitable straight or branched alkyl group include 
methyl, ethyl, n-propyl, 2-propyl, n-butyl, sec-butyl, tert 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, 
dodecyl, terdecyl, tetradecyl, pentadecyl, hexadecyl, hepta 
decyl, octadecyl, nonadecyl, icosyl, and the like. The term 
“alkenyl” means alkyl groups With one or more units of 
unsaturation resulting in one or more double bonds, e.g., 
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18 
butenyl, pentadienyl, hexadecenyl, and the like. The term 
“alkynyl” means alkyl groups With one or more units of 
unsaturation resulting in one or more triple bonds, e.g., buty 
nyl, hexadecynyl, and the like. 
The term “cycloalkyl group” (e.g., the cycloalkyl groups 

represented by Ring A) can be a cyclic alkyl group having 
from 3 to about 10 carbon atoms, generally from 5 to 6. 
Examples of suitable cycloalkyl groups include cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and 
cyclooctyl. The term cycloalkenyl includes cycloalkyl groups 
having one or more units of unsaturation resulting in a double 
bond, e.g., cyclopentenyl, cyclohexenyl, and the like. 
The term “aryl” group, (e.g., the aryl groups represented by 

R1 and R1’, and the like) refers to carbocyclic aromatic groups 
such as phenyl, naphthyl, tetrahydronaphthyl, anthracyl, and 
the like. 
The term “heteroaryl” group (e.g., the heteroaryl groups 

represented by R1 and R1’, and the like) refers to heteroaro 
matic groups, for example imidaZolyl, isoimidaZolyl, thienyl, 
furanyl, pyridyl, pyrimidyl, pyranyl, pyraZolyl, pyrrolyl, 
pyraZinyl, thiaZolyl, isothiaZolyl, oxaZolyl, isooxaZolyl, 1,2, 
3-triaZolyl, 1,2,4-triaZolyl, tetraZolyl, benZo[1,3]dioxolyl, 
2,3 -dihydro-benZo[1,4]dioxine, benZopyrimidyl, benZopyra 
Zyl, benZofuranyl, indolyl, benZothienyl, benZoxaZolyl, ben 
ZoisooxaZolyl, benZothiaZolyl, benZoisothiaZolyl, quinoli 
nyl, isoquinolinyl, benZimidaZolyl, tetrahydroquinolinyl, and 
tetrahydroisoquinolinyl. Generally, aryl and heteroaryl 
groups comprise phenyl and pyridyl. The term “Ph” indicates 
a phenyl or a phenylene group, e.g., phenylene in 
4CR32Phi in X and X'. 
The term “nonaromatic heterocycle” and “heterocyclyl” 

(e.g., the heterocyclyl groups represented by R1 and R1’, and 
the like) refers to non-aromatic ring systems typically having 
three to eight members, generally ?ve to six, in Which one or 
more ring carbons, generally one to four, are each replaced by 
a heteroatom such as N, O, or S. Examples of non-aromatic 
heterocyclic rings include 3-tetrahydrofuranyl, 2-tetrahydro 
pyranyl, 3-tetrahydropyranyl, 4-tetrahydropyranyl, [1,3]-di 
oxalanyl, [1,3]-dithiolanyl, [1,3]-dioxanyl, 2-tetrahydrothie 
nyl, 3-tetrahydrothienyl, N-morpholinyl, 2-morpholinyl, 
3-morpholinyl, 4-morpholinyl, N-thiomorpholinyl, 2-thio 
morpholinyl, 3-thiomorpholinyl, 4-thiomorpholinyl, l-pyr 
rolidyl, 2-pyrrolidyl, 3-pyrorolidyl, l-piperazyl, 2-piperaZyl, 
l-piperidyl, 2-piperidyl, 3-piperidyl, 4-piperidyl, 4-thiaZ 
olidyl, diaZolonyl, N-substituted diaZolonyl, l-pthalimidyl, 
aZetidyl, aZiridyl, oxaZiridyl, oxaZolidyl, isooxaZolidyl, thia 
Zolidyl, isothiaZolidyl, oxaZinanyl, thiaZinanyl, aZepanyl, 
oxaZepanyl, and thiaZepanyl. Typically, the nonaromatic het 
erocycle groups represented by R1 and R1’ can be optionally 
substituted pyrrolidyl, piperidyl, piperaZyl, morpholinyl, and 
thiomorpholinyl, or generally, unsubstituted piperidyl or 
morpholinyl. 
An “ oxy” group (e.g., alkoxy, cycloalkoxy, 

aryloxy, aralkyloxy, and the like) refers to the indicated group 
When connected through an intervening oxygen atom, e. g., 
alkoxy groups include methoxy, ethoxy, n-propoxy, 2-pro 
poxy, n-butoxy, sec-butoxy, tert-butoxy, pentoxy, hexoxy, 
heptoxy, octoxy, nonoxy, decoxy, undecoxy, dodecoxy, ter 
decoxy, tetradecoxy, pentadecoxy, hexadecoxy, heptadecoxy, 
octadecoxy, nonadecoxy, icosoxy, and the like. Examples of 
cycloalkoxy groups include cyclopropoxy, cyclobutoxy, 
cyclopentoxy, cyclohexoxy, cycloheptoxy and cyclooctoxy. 
Examples of aryloxy and aralkyloxy groups include phenoxy 
and benZyloxy. 
A “ sul?de group (e. g., alkyl sul?de, cycloalkyl 

sul?de, aryl sul?de, aralkyl sul?de, cycloalkylalkyl sul?de, 
heterocyclylalkyl sul?de, heteroaralkyl sul?de and the like) 


























